Mandibular distraction osteogenesis can be associated with a wide variety of minor and major complications. [9] [10] [11] [12] [13] [14] [15] Drawbacks of distraction devices may include accidental mandibular fracture during placement of device, tooth injury, inappropriate distraction vector, facial skin scars, local infection, pin loosening, device dislodgment, device failure, facial nerve paralysis, failure to improve airway, and relapse.
This study reviews 37 patients who underwent bilateral mandibular distraction osteogenesis as treatment for OSA as a result of mandibular micrognathia and glossoptosis. We compare external and internal devices for mandibular distraction in terms of effectiveness in use, result, patient comfort, and complications. Moreover, the advantages and disadvantages of both methods will be presented.
MATERIALS AND METHODS

Patient Demographics
Thirty-seven patients, aged between 6 months and 14 years old, underwent mandibular lengthening by bilateral mandibular distraction for OSA treatment in our hospital between 2002 and 2011. The patients had hypoplastic mandible and glossoptosis as manifestations of Treacher Collins syndrome, Goldenhar syndrome, or Pierre Robin sequence resulting in OSA (Table 1) . Twenty-one patients suffered from respiratory distress and were tracheotomy candidates, and 16 patients were tracheotomy dependent. Polysomnographic sleep studies revealed respiratory disturbance index greater than 10 apneas per hour and oxygen saturation less than 85%.
All patients underwent endoscopy before the decision for distraction to fully evaluate the airway and to exclude tracheomalacia or other problems that cannot be corrected with distraction. Lateral cephalometric radiographs and computed tomography (CT) scans revealed mandibular hypoplasia that caused retroposition of the base of the tongue and inadequate pharyngeal space.
Twenty patients were treated with external distraction devices ( Fig. 1 ) and 17 patients by internal distraction devices (Fig. 2) . The surgical procedure was performed on both sides of the mandible under general anesthesia using either the tracheostomy or nasal endotracheal intubation.
The decision to perform internal or external devices was based on preoperative and intraoperative considerations, such as anatomical bony characteristics affecting the possibility to place internal devices and patient cooperation.
The approach for the external devices was intraoral between the mental nerve anteriorly and gonial area posteriorly on both sides of the mandible. While protecting the tissue in the floor of mouth, a circumferential osteotomy was performed anterior to the gonial angle using a reciprocating saw. Great care was taken to avoid damage to the tooth roots, dental buds, and the inferior alveolar nerve.
The external devices were placed parallel to the mandibular body to advance the mandible forward (Fig. 3) .
The approach for internal devices was by a skin incision at the submandibular retroangular area. While preserving the mandibular branch of the facial nerve, exposure of the mandible between the mental nerve anteriorly and gonial area posteriorly was made. Then the same circumferential mandibular body osteotomy was performed just anterior to the gonial angle. While performing reduction of the fracture in correct preoperative occlusion on both sides of the mandible, the 2 arms of the internal distractors (KLS Martin 20 or 25 mm) were fixed with monocortical miniscrews across the osteotomy line in a forward vector (Fig. 4) . The distractor rods for activation were placed either intraorally along the lower vestibulum or extraorally posterior to the submandibular skin incision below the ear.
In both methods, after 3 days of latency period for callus organization, gradual lengthening of the mandible was performed at a rate of 0.5 mm twice a day for a total of 1 mm per day until class I occlusion was achieved. Distraction was continued up to 2-3 mm overcorrection anteriorly to class III dental occlusion (Figs. 5-7) . If there was tendency to open bite or asymmetries during distraction, intermaxillary elastics were placed.
Patients were evaluated by polysomnography and lateral cephalograms, head and neck CT in axial and sagittal planes, and 3-dimensional reconstruction before and at completion of treatment. Radiographs were used for operative planning and follow-up. As this article focuses on comparison between the methods of external and internal devices for mandibular distraction, the polysomnographies and the CT used for airway analysis 8, 10 are not presented. After a 4-month retention period for callus maturation, the distraction devices were removed. The external devices were removed by simple removal of the external pins (Fig. 8 ) and the internal distractors by an additional operation under general anesthesia through the previous submandibular scars.
RESULTS
Mandibular distraction was successful in all 37 patients with marked advancement of the lower jaw and improved airway ( external). At the end of the retention period after distraction device removal, in all 16 tracheotomydependent patients, the tracheotomies were removed. In all 21 patients with respiratory distress, there was improved airway with improvement of signs and symptoms of OSA with oxygen saturation over 95%.
As a result of the lengthening, the occlusion was changed from class II to class I and then 2-3 mm overcorrection to class III (Figs. 7C and 8B). The mean lengthening with the external devices was 30 mm and with the internal devices 22 mm. The Sella-Nasion-B Point was changed using the external devices from a mean of 64° to 81° and with the internal devices from 65° to 80° (Table 2) . After 1 year, the Sella-Nasion-B Point of the external devices had a mean of 77° (relapse of 23.52%) and with the internal devices a mean of 78° (relapse of 13.33%). During the 1-year follow-up, the dental occlusion returned to class I (Figs. 9, external and 10, internal). The complications are presented in Table 3 .
Placement and Device Stability
External devices permitted longer distraction and could be changed to a longer distractor during lengthening. Placement of the external devices was simpler by intraoral approach and insertion of 2 external pins. In 4 cases, it was impossible to insert an internal device subperiosteally because of limited subperiosteal space or because the fixation screws could not be secured. In these cases, we switched to external devices by using 2 bicortical pins across the osteotomy line that offered better initial bone stability. During the retention period, with external devices (20 patients, ie, 40 sides), 22.5% of the pins (9 sides) became loose and were removed earlier in 3 patients (6 sides). In 3 sides, at the beginning of the retention period when the new bone was not solid enough, they were replaced by new pins. In all 17 cases with internal devices, the lengthening was performed until the maximum distraction length (20 or 25 mm), and during the retention period, the devices were stable at the distraction site. In 1 patient in 1 side, the device failed to distract resulting in device fracture, and an additional operation under general anesthesia was performed to remove and replace the broken distractor. The space for internal devices is more limited subperiosteally, and change to another device requires a second operation and the same extraoral dissection under general anesthesia.
Precision of Lengthening
The external distraction is made by tension-stress. During the distraction, there was some bending of the pins with less precise lengthening that may lead to inferior bony generation and subsequent relapse. The internal devices offered more predictable and precise rate of lengthening due to direct contact of the device to the bony segments.
Infection
Eleven sides (27.5%) with external devices suffered infection around the pins that was treated by local disinfection and per os antibiotics. Some of these pins became later loose and were removed. In only 2 sides (5.88%) with internal devices, there was some infection around the distraction rods that was treated by local disinfection and PO antibiotics.
Patient Comfort
The external devices were less comfortable to young patients than the internal devices because of the need to wear several months 2 visible external devices, vulnerable to external trauma during daytime and even during sleep. The internal devices were invisible to the patient and to the society, not vulnerable to external trauma and permitted nearly complete jaw function.
Facial Nerve Damage
External device insertion and use did not result in any facial nerve damage; however, in the internal device group in 5 sides (14.7%), there was some transient damage to the mandibular branch of the facial nerve that resolved with physiotherapy several months following the removal of the device.
Scars
After removal of the external pins, 2 visible buccal skin scars lateral to the mandible remained (Figs. 8A 
DISCUSSION
Mandibular distraction osteogenesis is associated with a wide variety of minor and major complications [10] [11] [12] [13] [14] [15] ; however, the complications can be minimized by careful planning and technique.
9, 14 Master et al, 12 in 2010, reviewed 66 articles from PubMed database and concluded that the complications of mandibular distraction osteogenesis include incidence of relapse 64.8%, tooth injury 22.5%, hypertrophic scarring 15.6%, nerve injury 11.4%, infection 9.5%, inappropriate distraction vector 8.8%, device failure 7.9%, fusion error 2.4%, and temporomandibular joint injury 0.7%.
Genecov et al, 10 in 2009, examined the use of external and internal distraction devices in 81 patients and observed that complications were mostly related to pin site infections requiring antibiotics, and the device failure was 3% with the internal devices and 10.2% with the external devices.
The advantages and disadvantages of external and internal distraction devices in mandibular Table 4 . In general, mandibular distraction can be performed in the ramus for ramus lengthening, in the mandibular angle for downward and forward advancement, or in the mandibular body. 5, 6, 14, 16 Ramus or gonial angle distraction are mainly used to treat facial asymmetries as in hemifacial microsomia. 9, 14 However, in OSA, for forward mandibular lengthening, the osteotomy should be performed slightly anterior to the gonial angle, and the distraction devices should be placed parallel to the body of the mandible, resulting in traction of the suprahyoid muscles and the hyoid bone forward and thus increasing the airway. 4, [6] [7] [8] Placement of the external devices is simple by intraoral approach and insertion of 2 external pins transbucally. The removal of the device is easy by unscrewing the pins. On the other hand, placement and removal of internal devices need extraoral submandibular approach with soft-tissue dissection to the mandible with some risk of damage to the facial nerve. However, the damage to the mandibular branch of the facial nerve using internal devices was transient and resolved after device removal. No damage to the mandibular branch of the facial nerve occurred in any patient treated with external devices.
The internal device needs more subperiosteal space, and the fixation by screws may pose a problem in pediatric micrognathic population. In our series, in 4 cases, it was impossible to insert the internal devices either because of limited subperiosteal space or because the fixation screws could not be secured. In those cases, we used external devices by placing 2 bicortical pins across the osteotomy line to obtain better initial bony stability. External devices are easy to fit in various anatomical structures such as dental buds, very small mandibles, when there is difficulty to place an internal device which is too long for the periosteum, and when there is soft bone that cannot permit stable screw retention but permits insertion of 2 external bicortical pins. Using external devices in these cases confers more "freedom of osteotomy design." Therefore, the surgeon should be prepared for both methods.
The main disadvantages of the external devices are patient discomfort to wear several months 2 visible external devices vulnerable to external trauma even during sleep that may result in loosening of the pins that need to be replaced under general anesthesia or to reduce the retention period that may result in greater relapse. By contrast, the great advantages of the internal devices are that they do not cause any discomfort to the child, they spare the patient the embarrassment of wearing 2 external facial devices in public with all of the attendant psychosocial sequelae, they are safer, more stable after placement, and remain during the whole retention period needed for better ossification and postoperative stability results.
An advantage of external devices is that they permit longer distraction length, an important consideration in severe cases of hypoplasia, and can be changed during lengthening to a longer distractor. The space for internal devices is more limited subperiosteally and permits smaller devices. However, any change to another device as a result of device failure or to a bigger device for greater distraction length needs an additional operation with the same extraoral dissection under general anesthesia.
It is important to treat pin tract infections using external devices immediately by local disinfection and antibiotics to avoid pin loosening and improper bone generation resulting in increased relapse. The internal devices offer the advantage of removal of the distraction rod at the completion of lengthening, reducing discomfort and risk of pin tract infection during the retention period.
Overall stability with internal devices is greater than with the external devices. The relapse rate was 23.52% with external versus 13.33% with internal devices. This can be explained by the fact that during distraction there is some bending of the pins with less precise rate of lengthening, resulting in compromised ossification during the retention period. [17] [18] [19] [20] It is well established that for optimal bone generation, the distraction rate should be accurate, not more than 1 mm per day. [21] [22] [23] [24] Moreover, the more common pin loosening during the retention period may contribute to increased relapse in the external device group. By contrast, internal devices offer more predictable vector of lengthening and more precise rate of lengthening due to direct contact of the device with the bony segment. Any device lengthening is transferred directly to the bone and creates better ossification.
In some cases with tendency to open bite or improper vector of lengthening, intermaxillary elastics were placed. In growing patients with compromised airway due to hypoplastic mandible, a slight overcorrection of 2-3 mm is recommended. With both methods, class II occlusion became class III. In all patients, the occlusion reverted to class I after 1 year. If needed, the slight overcorrection can be balanced by orthodontic treatment (chin cap).
After removal of the external pins, 2 visible buccal skin scars lateral to the mandible remained. The internal devices left a single, less visible submandibular scar on each side. It is possible that in the future, internal devices will be placed intraorally, avoiding the submandibular approach, skin scars, and facial nerve damage. In this series, we preferred to perform the submandibular operation extraorally for better control on the os-teotomy, drilling, screw fixation, and control of device adaptation and forward device vector.
CONCLUSIONS
Internal devices are more comfortable to the child with a precise and predictable vector of lengthening and lower risk of relapse. They leave less visible scars and should be considered first. Their main disadvantage is the second operation for device removal under general anesthesia. The external devices are easier to fit even in severely hypoplastic mandibles, permit greater distraction length, and can be removed simply by unscrewing the pins. Therefore, in cases where internal device placement is impossible or when there is need for greater distraction length, external devices may be used while considering greater child discomfort and risk of pin loosening that may compromise consolidation and increase risk of relapse. Mandibular distraction osteogenesis can be associated with a wide variety of minor and major complications that should be minimized by careful planning and technique.
